InTRoduCTIon
Mycobacterium tuberculosis (MTB) is a fastidious, slowgrowing micro-organism, requiring high oxygen levels [1] .
Lowenstein-Jensen (LJ) medium is a trusted solid medium, long used for the cultivation of mycobacteria. Low levels of penicillin and nalidixic acid are included in the medium to inhibit growth of other gram-positive and gram-negative bacteria. Malachite green also inhibits most bacteria. Presence of glycerol enhances the growth of MTB [2] .
A previous study by a subset of this author group discussed the use of modified LJ medium, called the Mycotube, whose results were comparable to those of MGIT and LJ. This study raised concerns about the hazardous nature of using glass tubes to cultivate MTB and warranted the need to opt for other packaging materials [3] .
LJ medium is available only in the slant-form in glass tubes [4] . It is used for the cultivation of a pathogen that is primarily transmitted through air, and therefore, utilization of glass tubes for this task poses a major biosafety risk [5] . Sample inoculation and incubation as well as storage of positive tubes present multiple risks, with respect to breakage and associated safety concerns. Laboratories handling a large number of samples are at a significant risk of air contamination due to breakage.
In an attempt to reduce the extent of this risk, the conventional LJ medium manufactured by bioMérieux (bMx) was packaged in sturdy breakage-free wide-mouthed plastic containers. However,
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it is necessary to determine whether the packaging material affects the performance of the medium.
In this study, we compared the performance of LJ medium in bMx plastic tubes (LJ) (referred to as plastic LJ slopes), LJ medium in bMx glass tubes (LJ-T) (referred to as glass LJ slopes), both prepared in the form of slopes, and the gold standard MGIT (Becton Dickinson, NJ, USA), for MTB recovery.
METHodS
The residual volumes of 240 consecutive samples (smear-positive=200; smear-negative=40) pulmonary and extra-pulmonary samples from patients who opted for routine testing at the Section of Mycobacteriology Laboratory, Section of Microbiology, Department of Laboratory Medicine, PD Hinduja Hospital and Medical Research Centre, Mumbai, were used in this study. Only samples with sufficient volume to allow testing by three methods were included in this study. Sample collection was continued for 4 weeks (mid-July 2016 onward).
The study design and corresponding documents were approved by the Institutional Ethics Committee of PD Hinduja Hospital and Medical Research Centre, Mumbai, before initiating the study. The committee waived the need for informed consent from patients because only a residual portion was going to be used in the study.
The smear status for all collected samples, as observed by Ziehl-Neelsen acid-fast staining, was recorded [6] .
Three media were used to culture MTB, namely MGIT 960 (BD), LJ-T medium (bioMérieux SA, Marcy L'Etoile, France), and plastic LJ slopes (bioMérieux, Australia Pty., Australia).
The samples were decontaminated by the traditional N-acetyll-cysteine-sodium hydroxide method, and the sediment was suspended in 2 ml of sterile PBS (pH 6.8). About 0.5 ml of the decontaminated sample was inoculated into MGIT vials (BD) supplemented with PANTA, as described by the manufacturer, [7] and 0.2 ml, onto each of the LJ slopes, meaning that MGIT was charged with 2.5 × the amount of clinical material. All inoculated MGIT vials were incubated in the MGIT instrument either until they were flagged positive by the instrument or for a maximum of 6 weeks. All positive MGIT vials were subjected to identification of MTB complex by the MPT64 protein detection-based immune-chromatographic test (SD Bioline Kit; Standard Diagnostics, Korea) [8] .
LJ medium slopes were examined daily for the first week and, thereafter, twice a week, for 8 weeks, for visible appearance of colonies. The growth on LJ slopes was confirmed by visual morphological confirmation.
The H37Ra MTB strain was used to inoculate the positive control tubes; non-inoculated tubes were included as negative controls.
The growth on each medium was recorded independently of the results on the other media; the findings were compared only at the time of data analysis.
Collected data were analysed using Student's t-test. Sensitivity, specificity, area under the curve (AUC), and positive and negative predictive values (PPV and NPV) were also determined.
RESuLTS
The study included 240 consecutive samples (smearpositive=200; smear-negative=40) pulmonary and extrapulmonary samples. Growth on the solid media was observed visually, as 'buff, rough and tough' colonies of MTB, and the day of growth/no growth was recorded.
Positive growth in MGIT was confirmed to be the MTB complex by MPT64 test. All isolates tested positive for this confirmatory test. Visual morphological confirmation of growth on all LJ slopes confirmed growth of MTB (Fig. 1a) .
All 213 true-positive cases were detected by the plastic LJ slopes, considering MGIT as the gold standard.
The mean time-to-growth detection was 17.97 days for plastic LJ slopes, 18.08 days for glass LJ slopes, and 13.53 days for MGIT.
A proper gradation was observed across samples with increasing smear status (Fig. 1b) . Smear positivity had a highly significant effect on the extent of growth on plastic LJ slopes (P≤0.01; Table 1 ). A smear status of 'no acid-fast bacilli observed' significantly affected the time of growth on all media (Fig. 2) .
Contamination rate was 0% for all media, for this sample set, although the laboratory has a monthly MGIT contamination rate of 2-3%. Overall, no statistically significant difference was observed between the two types of LJ slopes (P<0.05). Plastic LJ slopes had a sensitivity and specificity of 100%, with respect to MGIT. The NPV and PPV were both 100%. The high AUC value also indicated that the new medium was statistically at par with the gold standard ( Table 2) .
dISCuSSIon
LJ medium in plastic containers is a good alternative to traditional glass slopes. The quality of the medium did not differ with the packaging material. In addition, the increased lateral surface area of these slopes (6702.84 mm 2 versus 5769.75 mm 2 of the glass LJ slopes) allowed enhanced growth. The clear plastic material allowed accurate recording of growth. The wide opening of these sturdy breakage-free plastic containers allowed easy inoculation.
Because they are incubated for longer periods, glass LJ slopes always stand a chance of breakage, posing a major biohazard. Plastic tubes have an edge over glass tubes, in this regard. Enhanced biosafety is a big advantage of these plastic tubes.
Although liquid culture shows higher sensitivity, plastic LJ slopes can offer good results at lower cost, with minimal infrastructure requirement and increased biosafety [9] . This new medium helps with reliable diagnosis of tuberculosis as well as isolation of the causative strain for drug susceptibility testing. The contamination rate with solid media is quite low, especially because liquid medium is protein-rich and can get easily contaminated [10] .
The disadvantage of the medium is the relatively longer timeto-growth, compared to MGIT. Modification of the medium to reduce the time-to-growth will further enhance the utility of the medium. Moreover, currently, it is commercially available only in a few countries, and therefore, its supply needs to be improved.
Thus, the plastic LJ slope is a good, biologically safe alternative to the traditional glass LJ slope, with no significant difference in the time-to-growth or yield. Use of the plastic LJ slope in conjunction with the liquid medium can yield excellent results for MTB culture, in line with the International Standards [11, 12] .
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